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Observations of the Propagating Flames in Vortex Rings
Using an Image Intensifier

Youhei MORIMOTO, Mio IKEDA, Takuya MAEKAWA,
Satoru ISHIZUKA* and Shiro TAKI

*3 Hiroshima University, Dept. of Mechanical Engineering
1-4-1 Kagamiyama, Higashi-Hiroshima, Hiroshima, 739-8527 Japan

##3 No. 00-0210

Using a high-speed video camera with an image intensifier, observations have been made on the
propagating flames in the vertex rings. From their intensified images, variations of the flame speed
and the flame diameter along the vortex axis have been determined. Results show that there are four
types of flame propagation, (1) steady flame propagation, (2) periodic flame propagation, (3)
unsteady flame propagation, and (4) random flame propagation. The steady flame propagation
occurs for the maximum tangential velocity Vemex<7m/s (Re<10*) and its local flame speed is
almost constant during the propagation. The periodic flame propagation is originated from the
longitudinal instability of the vortex ring, which occurs around Vimax=~7 m/s in this experiment. (3)
The unsteady flame propagation is accompanied with strong flame acceleration and deceleration,
while its mean flame speed from’ignition to the end is almost equal to the maximum tangential
velocity. The random flame propagation occurs in turbulent vortex rings. The flame speed changes
randomly. The luminous zone is quenched shortly behind the flame and its mean flame speed becomes
much lower than the maximum tangential velocity.
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Fig.1 Experimental apparatus
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Fig. 2 Schlieren sequence of the vortex ring combus-
tion .(Do=60 mm, P=0.4 MPa)

(a) 0ms (b) 2.0ms (c) 4.0ms

(d) 6.0ms (e) 80ms (f) 10.0ms

(g) 12.0ms (h) 14.0ms (i) 16.0 ms

Fig.3 Time sequence of the intensified images of the
vortex ring combustion (Do=60mm, P=0.4
MPa)
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Fig.4 Variations of the mean flame speed Vymean and
the flame/core diameter ratio dr/dc with the
maximum tangential velocity Vimex (solid lines
and broken curves: lateral expansion and axial
expansion in the back-pressure drive flame prop-
agation mechanism, respectively)
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Fig.5 Variations of the flame/core diameter ratio d/
d. and the local flame speed V; with time, show-
ing an almost constant flame speed during com-
bustion (Fuel: Propane, Dy=60mm, P=0.4
MPa, @=1.0, broken line: the mean flame
speed)
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Fig.7 Variations of the flame/core diameter ratio ds/
d. and the local flame speed Vr with time, show-
ing a periodic change in flame speed (Fuel:
Propane, Do=70 mm, P=0.6 MPa, ®=1.0, bro-
ken line: the mean flame speed)

(a) 0ms (b) 3.0ms (¢) 6.0ms

(d) 9.0ms (e) 12.0ms (f) 15.0ms

(g) 18.0ms (h) 21.0ms (i) 24.0ms

Fig.6 Time sequence of the intensified images of the
vortex ring combustion (Fuel : Propane, Do=60
mm, P=0.4 MPa, ®=1.0)

(a) 0ms (b) 2.0ms (c) 4.0 ms

(d) 6.0ms (e) 8.0ms (f) 10.0ms

(8) 12.0ms (h) 14.0ms (i) 16.0ms

Fig. 8 Time sequence of the intensified images of the
vortex ring combustion (Fuel: Propane, Do=70
mm, P=0.6 MPa, ®=1.0)
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Fig.9 Variations of the flame/core diameter ratio ds/
d¢ and the local flame speed V; with time, show-
ing acceleration and deceleration in flame speed
(Fuel: Propane, Do=50mm, P=0.6 MPa, 0=
1.0, broken line: the mean flame speed)
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Fig.10 Time sequence of the intensified images of the
vortex ring combustion (Fuel: Propane, D=
50 mm, P=0.6 MPa, ®=1.0)
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Fig. 11 Variations of the flame/core diameter ratio dy/
dc and the local flame speed V; with time,
showing random changes in flame speed (Fuel :
Propane, Do=50 mm, P=0.6 MPa, @®=1.0, bro-
ken line : the mean flame speed)

(a) 0ms (b) 2.0ms (c) 4.0ms

(d) 6.0ms (e) 80ms (f) 10.0ms

(g) 12.0ms (h) 14.0ms (i) 16.0 ms

Fig.12 Time sequence of the intensified images of the
vortex ring combustion (Fuel: Propane, Do=
50 mm, P=0.4 MPa, ®=1.0)
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